Plasma Membrane Cholesterol Regulates the Allosteric Binding of 1-Methyl-4-Phenylpyridinium to Organic Cation Transporter 2 (SLC22A2).
The human organic cation transporter 2 (OCT2) mediates the first step of tubular secretion of most positively charged substances. We describe the role of plasma membrane cholesterol in OCT2 activity. Human embryonic kidney 293 cells overexpressing OCT2 (OCT2-HEK293) and wild-type HEK293 cells (WT-HEK293) were employed. Cellular cholesterol content, assessed by thin layer chromatography, was manipulated using empty methyl-β-cyclodextrin (mβcd) and cholesterol-presaturated mβcd (RAMEB). The effect of mβcd on OCT2 protein stability and oligomerization state was evaluated by immunofluorescence and Western blotting. Transport activity of OCT2 was measured using [3H]1-methyl-4-phenylpyridinium (MPP+). A 20-minute incubation with mβcd reduced the total cellular cholesterol content by 40% to 60% as compared with that in untreated cells, without altering the content of the other main lipid species. In this condition, OCT2-mediated uptake of MPP+ was reduced by ∼50%. When cells were coincubated with empty mβcd and RAMEB, the cholesterol content and OCT2-mediated uptake of MPP+ were comparable to those in untreated cells, suggesting that the mβcd effect on OCT2 activity was cholesterol dependent. In untreated cells, the MPP+ influx kinetics was allosteric, whereas in cells treated with mβcd, one binding site was observed. Our findings suggest that changes in cellular cholesterol content can dramatically alter OCT2-mediated transport, potentially resulting in abnormal tubular secretion and unexpected drug toxicity and drug-drug interactions. SIGNIFICANCE STATEMENT: Plasma membrane cholesterol is important for the allosteric properties of OCT2. From a pharmacologic standpoint, the variability in cholesterol content stemming from certain pathophysiologic conditions such as aging and acute kidney injury should be taken into account as additional source of interpatient pharmacokinetic/pharmacodynamic variability and unexpected toxicity profile of OCT2 substrates, which can escape preclinical and clinical development.